OBJECTIVE -To assess the impact of organizational features and improvement strategies of primary care clinics on health care costs of adults with diabetes.
L
arge-scale clinical trials in adults with diabetes have demonstrated consistent benefits in morbidity and mortality for patients who achieve evidence-based levels of HbA 1c (A1C), blood pressure, and LDL cholesterol (1-4). However, achieving these clinical goals in routine practice settings remains a challenge. Wagner and colleagues (5-8) have advocated the use of a coherent chronic care model to improve care, and there is accumulating evidence that patient activation and the use of selected office systems to support chronic disease care is related to improved quality of care. Very little attention has been given to the impact of these office systems and improvement strategies on the cost of diabetes care. Continuing increases in medical expenditures, combined with research indicating a tenuous relationship between higher costs of care and higher quality of care, underscore the importance of considering both quality and costs when developing care improvement strategies (9,10). It has frequently been assumed that improved diabetes care in the outpatient setting will lead to overall reductions in costs through reduced rates of hospitalizations for diabetes complications such as heart attacks, strokes, infections, and renal failure (11). However, many innovations designed to improve the quality of care may contribute to increased costs, especially since underuse of services is a major component of low quality of care (12) . In this study, we hypothesize that some office system and improvement strategies will significantly increase future health care costs of patients with diabetes, while others may significantly decrease them after control of patient characteristics such as age, sex, education, income, insurance coverage, duration of diabetes, and cooccurring chronic diseases.
RESEARCH DESIGN AND
METHODS -This prospective study was conducted at HealthPartners, a Minnesota health plan with over 600,000 members. People with diabetes were identified from administrative databases using data from calendar year 1999. A diagnosis of diabetes was assigned to individuals who had either one or more inpatient or two or more outpatient encounters with diabetes-specific diagnoses from the ICD-9 (250.xx, 357.2, 362.01, 362.02, or 366.41) or who filled a prescription for antihyperglycemic medications (insulin, sulfonylurea, biguanide, thiazolidenedione, meglitamide, other secretogogue, or ␣-glucosidase inhibitor) in a 12-month period. Similarly, people were identified as having chronic heart disease (CHD) if they received at least one inpatient or two outpatient ICD-9 codes for CHD (410 -414, 429.2, or 428.0) or a relevant procedure code (CPT4 code between 33510 and 33545 or 36822 and ICD-9 codes between 36.0 and 36.29 or between 36.9 and 36.99) in a 12-month period. These identification methods have been previously validated. The diabetes identification method has an estimated specificity of 0.99, a sensitivity of 0.91, and a positive predictive value of 0.94, and the CHD identification method has an estimated specificity of 0.99, a sensitivity of 0.89, and a positive predictive value of 0.79 (13).
Surveys and data collection
Additional information for this study was derived from surveys of patients, clinic managers, and clinic medical directors, which were administered in 1999 as part of the Agency for Health Care Research and Quality-funded study "QUEST for Health." Eighteen (86%) of 21 eligible medical groups and 84 of 86 (98%) eligible clinics within these groups were initially recruited for the study, and all maintained involvement throughout the 3-year study period. Within participating clinics, 4,674 of 7,600 (61.5%) eligible adult patients with specific chronic diseases provided survey data. Of 2,832 patients with diabetes who responded to the survey, 2,117 (74.8%) gave written informed consent for a medical record review, which was completed for 2,077 (98.1%) people. We excluded 383 people (18.4%) who did not have an A1C value (a control covariate) recorded in the baseline period. There were 270 (16.6%) people who received care in clinics where the clinic manager failed to return the survey and 446 (27.4%) people who received care in clinics where the clinic medical director failed to return the survey. As the combined exclusions would result in a dataset underpowered to address the study questions, we created two datasets, one for each survey. Thus, the analysis sample for questions derived from the clinic manager survey included 1,424 people with diabetes, and the analysis sample for questions derived from the clinic medical director survey included 1,228 people. Compared with those who were excluded due to nonreceipt of the patient, clinic manager, or clinic medical director surveys or lack of baseline A1C, the 1,628 unique individuals across the clinic manager and medical director samples were equally likely to be female (47.0 vs. 46.1%, P ϭ 0.7) but were older on average (62.6 vs. 57.8 years, P Ͻ 0.001) and were more likely to have CHD (24.0 vs. 19.9%, P ϭ 0.003).
Diabetes and CHD were classified based on automated medical record data as described above. Hypertension, dyslipidemia, and depression diagnoses were based on self-report from the patient survey. Patients were asked, "Have you ever been told by a health professional that you have (high blood pressure or hypertension/high blood cholesterol/depression)?" Duration of diabetes was calculated using the answer to the question, "Approximately how old were you when you were first told you had diabetes?" Education and income were determined by selfreport from the patient survey using standard survey items (14) . The survey included other questions or scales to ascertain patient experience of care, adherence, readiness to change, and mental models of diabetes. Missing data from the patient survey-based measures of selfreported hypertension, dyslipidemia, depression, duration of diabetes, low income, and low education were imputed using missing-value multivariate regressions (15) . Rates of missing data for these items were low, ranging from 3.2 to 5.0%.
Independent variables: office systems and quality improvement strategies Separate surveys were used to query clinic medical directors and clinic managers regarding the use of office systems and improvement strategies related to the care of adults with diabetes, heart disease, or related conditions that were in place before the collection of the resource use data described below. Office systems refer to work systems, work plans, or tools used daily by clinics or medical groups to support the delivery of chronic disease care to individual patients. Office systems were further classified into these subdomains: care management strategies, patient education, patient registries, and information support. Quality improvement strategies refer to processes that occur at the clinic or medical group level that are developed for the purpose of directing or leading efforts to improve the quality of chronic disease care for many patients. Quality improvement strategies were further subdivided into two domains: overall quality improvement efforts, including holding formal quality improvement meetings and use of quality improvement teams, and specific quality improvement-based feedback strategies, such as periodic feedback of summary information on resource or pharmacy use to physicians. For example, a resource-based strategy might identify patients with high resource use so proactive care could be provided. A pharmacy-based strategy might identify patients with high cholesterol who are not receiving statin pharmacotherapy.
Each domain is modeled as a set of covariates rather than as a constructed or latent scale because we were interested in modeling the effect of specific systems and quality improvement efforts underway during the study period. Each covariate was identified by an affirmative response from the survey responder. An affirmative response included either a "yes" for a yes/no response or one of the top two of five possible answers to a Likert scale (for example, "to a considerable/ great extent" when the other options were "not at all" and "to a limited/some extent"). Responses of "don't know" and nonresponse (missing values) were considered negative responses. Review of the data suggested that nonresponse often occurred during sets of similar questions where a missing value might be viewed as a negative response. For example, clinic medical directors responding as not having a clinic registry for diabetic patients typically did not respond to the remaining questions on registry characteristics. Similarly, a few medical directors responding as having a clinic registry answered affirmatively to some of the follow-up questions, leaving the remainder blank. This is a limitation in the data that may have led to underestimating the prevalence of certain characteristics.
Dependent variable: resource utilization
The main dependent variable of interest was total cost from the perspective of a health insurer. Claims and encounter data were obtained for study subjects for calendar years 1999 -2002. These patients received care in 84 clinics within 18 medical groups that had contracts with HealthPartners to provide services to its members: 43% of study subjects were enrolled in a medical group with a fully capitated contract, 29% were under a fee-forservice contract, and 28% were under a contract that was partially capitated and partially fee for service. To avoid bias resulting from use of fee-for-service claims versus encounter data (from capitated medical groups) and from varying fee schedules for fee-for-service claims, we used a consistent method for pricing the service data at payment rates standard for Medicare.
Inpatient admissions were priced using diagnostic related groups (DRGs) and simulated outlier payments. Diagnostic and procedure data from the inpatient stay were combined with patient's age and sex in order to calculate a DRG for the stay. DRGs were then priced at the national average Medicare rate for 2002. The DRG payment methodology allows for outlier payments for particularly expensive hospital stays. Thirty-four admissions (0.6%) had high enough charges that they would likely qualify for outlier payments. We approximated DRG outlier payments for these admissions by adding to the DRG payment 60% of inpatient charges above the specific DRG charge threshold.
Costs for physician services in the hospital, in the outpatient hospital, and in outpatient clinic settings, as well as costs for all other outpatient services such as nursing services and laboratory services, were based on relative value units (RVUs). Each service was assigned an RVU based on the procedure code recorded. RVUs were priced at $36.20, the national average Medicare allowable amount per RVU in 2002. We used analyses provided by the Department of Health and Human Services in a report to the president in order to determine the amount paid, on average, by large health plans aggressively negotiating drug prices for pharmaceuticals and supplies, which we estimate to be 68% of the average wholesale price (16) . Stays at skilled nursing facilities were priced at $320 per day, the mean per diem payment during the study period. Total costs were calculated as the sum of costs from claims or encounters generated from the day of the first A1C measurement until the date of disenrollment, death, or the study end date (31 December 2002) divided by the number of days and multiplied by 1,095.75 (3 ϫ 365.25).
Analysis plan
Generalized linear models (17) were used to estimate the relationship between total costs (or outpatient costs or pharmacy costs) and covariates for each domain while controlling for individual level factors (baseline A1C, comorbidity, duration of diabetes, age and sex, pharmacy coverage, income, and education). In one domain, substantial overlap in the use of registries required us to run the covariates individually (e.g., all registries indicating cardiovascular risk by definition had a registry and most were updated regularly, identified the regular physician, etc.). Three-year cost was modeled using a gamma distribution with a log-link function (18) . Observations were weighted by each individual's number of years in the study. Marginal effects were calculated as the average marginal effect of each covariate standardized over the characteristics of the population. For example, the marginal effect of having an established quality improvement team on total costs was calculated as the mean cost across all individuals, assuming that an established quality improvement team was present minus the mean cost across all people assuming that an established quality improvement team was not present. SEs were calculated using the delta method, with corrections for heteroscedasticity and clustering of patients within clinics.
RESULTS -Population characteristics are summarized in Table 1 . Overall, the study sample was 47% female with a mean age of 63 years. Mean A1C was 7.5%, and mean duration of diabetes was 12 years. There were high rates of cardiovascular disease, dyslipidemia, and selfreported depressive symptoms among these patients with diabetes. Mean 3-year health care costs were $24,134 (SD ϭ $31,387) and were about evenly split between inpatient, outpatient, and pharmacy care. Table 2 shows the mapping of the covariates to system and quality improvement domains. Table 3 presents the marginal effects of each of the office system and quality improvement strategy covariates on total costs. Among office systems, the care management strategy of clinicians meeting to discuss patient care problems was associated with fewer costs (Ϫ$3,963, P ϭ 0.002). Diabetes education for patients was not related to costs, either positively or negatively. Simple existence of a registry for patients with diabetes did not affect costs, nor did five of six registry characteristics. However, use of more sophisticated registries that were used to prioritize patients based on cardiovascular risk was associated with fewer total costs (Ϫ$2,916, P ϭ 0.019). Use of information systems to monitor lab results was associated with greater total costs ($2,439, P ϭ 0.038).
Overall, most quality improvement strategies were not associated with costs. Specific quality improvement strategies for diabetes, heart disease, and depression that focused on pharmacy utilization and resource use were associated with costs. Strategies focused on resource use for diabetes care (Ϫ$2,883, P ϭ 0.017) or heart disease care (Ϫ$3,228, P ϭ 0.014) Data are means Ϯ SD or n (%).
Office systems and improvement strategies
were related to lower costs. Strategies that emphasized pharmaceutical use for heart disease ($3,059, P ϭ 0.029) or depression ($2,962, P ϭ 0.038) were related to higher costs.
CONCLUSIONS -These results provide estimates of 3-year cost impacts associated with the use of specific office systems and improvement strategies in medical group practices. It has become increasingly clear that both the right care strategies (i.e., office systems) and the right change management process for effectively implementing new care systems (i.e., improvement or change strategies) are important for improving the process and outcome of care for patients. Another critical element is organizational prioritization of the topic addressed in the change and care strategies. We have previously demonstrated that the leadership of at least 13 of 18 medical groups identified diabetes as a high priority for improvement, and 15 of these medical groups were participating in various regional diabetes improvement initiatives (19) . These data are among the first to empirically demonstrate that specific office systems and improvement strategies for diabetes are predictive of future increases or decreases in cost of diabetes care. The importance of identifying strategies that can reduce the costs of diabetes care is apparent because diabetes is a relatively common condition and because Data are n (%). *A clinic could provide on-site diabetes education, and, in addition (or instead), clinics may provide off-site diabetes education through a contracted provider. †Quality improvement efforts were defined as a hierarchy. A clinic could conduct formal quality improvement meetings or support a more defined quality improvement team.
the costs of diabetic patients are relatively high compared with the costs of most other patients (16) . In our analysis, use of "smart registries" that facilitate prioritization of high-risk patients was associated with lower costs of care. The mechanism by which registries that assess cardiovascular risk lower costs may be related to the fact that patients with diabetes and CHD have ϳ300% higher costs of care than those with diabetes alone, and that up to 54% of major cardiovascular events in such patients are potentially preventable with comprehensive diabetes care (16, 20) . Physician meetings to discuss patient care were associated with significantly lower costs. However, this is not an activity that is reimbursed by insurers or encouraged by many productivity-oriented medical groups. The occurrence of such meetings likely reflects better patterns of communication across physicians. They may expand an individual physician's repertoire of effective clinical management strategies and could also contribute to anticipating and sometimes avoiding hospitalization when a moderately ill patient encounters a series of providers in a single episode of illness. Such clinically oriented meetings may also provide a forum for physician-nurse communication that benefits care.
Quality improvement strategies that focus physician attention on resource use were associated with lower costs and Variables are run as sets with individual-level adjustment for age, sex, comorbidity, income, education, and pharmacy coverage, unless otherwise noted. *Due to substantial overlap, these covariates are run individually with individual-level adjustment for age, sex, comorbidity, income, education, and pharmacy coverage. †Due to substantial overlap, these covariates are run in sets of three with individual-level adjustment for age, sex, comorbidity, income, education, and pharmacy coverage.
quality improvement strategies that encourage more pharmaceutical use with higher costs. The use of such strategies has many ethical and policy implications, and the impact of such strategies on quality of care and patient satisfaction is a complex issue that involves the cost and benefit of specific pharmaceuticals, the details of a patient's clinical condition, provider preferences, and treatment patterns. A deeper understanding of these issues will depend upon future qualitative and quantitative research efforts in these domains (21) . Electronic medical records (EMRs) had no effect on costs, positive or negative, although ϳ30% of evaluated patients received care from clinics that used EMRs. In previous reports, EMR use was unrelated to quality of diabetes care (22) (23) (24) . However, this is the first report that carefully assesses impact of EMR use on costs of diabetic patients. It is likely that the effect of currently available EMRs on diabetes care quality and costs is limited by their rudimentary clinical decision support and their limited ability to support customized patient self-management efforts. Assuming that these and other deficits in EMR design can be addressed, the future impact of EMRs on quality of care and costs may improve. The possibility that EMRs may be effectively used to provide customized patient education/ patient activation support at lower cost than traditional education strategies deserves further attention.
Our cost analysis reflects the point of view of the health plan or payer. In interpreting these findings, medical groups need to consider three other factors. First, strategies that increase numbers of visits and tests may translate into increased revenue. Second, the cost of establishing the information systems and having physician meetings may be borne by the medical group and is not included in the analysis. Third, ineffective strategies designed to improve care or control costs may be discontinued with resulting resource savings.
Several factors limit the interpretation of these data. First, the generalizability of our results is limited by the research setting and the fact that our sample was older and more likely to have CHD than the overall population of individuals with diabetes. About 23% of study subjects did not have pharmacy coverage through HealthPartners; we elected not to impute pharmacy costs for these subjects, and this decision could have a small but measurable effect on our estimated cost in Table 1 . Second, it is possible that unmeasured confounding variables could modify the observed associations. While the analysis is adjusted for obvious confounders in patient populations with diabetes, our data limited our ability to adjust for severity of diabetes beyond adjustment for duration of diabetes, baseline A1C, and comorbidity for patients with recognized macrovascular complications and depression. Third, power limitations precluded detailed assessment of types of costs, as well as possible joint effects of multiple office systems and quality improvement strategies. Fourth, although we adjusted for clustering of patients within clinics, we did not account for clustering of clinics within medical groups. This decision was based on previously reported low intraclass correlation coefficients at both levels and is unlikely to affect the estimates reported here (25) . Fifth, the observational design of the study precludes causal inference. That is, even though we estimate a relationship between a clinic system or quality improvement strategy and costs, this does not mean that changing that factor will affect costs by the estimated amount.
In summary, these data are among the first to identify specific office systems and quality improvement strategies that are significant predictors of future health care costs for adults with diabetes, after controlling for patient demographics, comorbidity, and socioeconomic status. Findings support the hypothesis that specific office systems and improvement strategies may substantially affect cost of diabetes care, although the observed differential cost impacts must be considered conjointly with the impact of these systems and strategies on quality of care and health status (6). Our results identify specific office systems and quality improvement strategies that are associated with costs of care to payers. The mechanisms by which these office systems and quality improvement strategies affect costs and the relationship of costs to clinical outcomes of patients deserve further investigation.
